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IS t 12083 ( Part 1 ) - 1986

Indian Standard
SPECIFICATION
PART 1

FOR ELECTRICAL RELAYS
CONTACT PERFORMANCE

0.
0.1 This Indian

FOREWORD

Standard ( Part 1 ) was adopted by the Indian Standards Institution on 9 December 1986, after the draft finalized by the Relays Sectional Committee had been approved by the Electrotechnical Division Council.

0.2 This standard pertains to electrical relays, in general. A separate series of standards is being brought out for electrical relays for power system protection. Requirement; specific to protection relays will be covered in the appropriate part of that series of standards. 0.3 The object of this standard is to state, for relays contact assemblies, the preferred rated values and conditions, basic criteria of contact failure, assessment and presentation of performance data. 0.4 In the preparation of this standard, assistance has been derived from IEC Pub 255-0-20 ( 1974 ) `Electrical relays, Contact performance of electrical relays' issued by the International Electrotechnical Commission. 0.5 For the purpose of deciding whether a particular requirement of the standard is'complied with, the final value, observed or calculated, expressing the result of a test, shall be rounded off in accordance with IS : 2-1960*. The number of significant places retained in the rounded off value should be the same as that of the specified value in this standard. -

1. SCOPE 1.1 This standard relays. It covers all types of relays, specific designs or
1.1.1 ( Part 1 ) is applicable to contact assemblies of electrical basic considerations which are, in general, common to but supplementary requirements may be necessitated by applications.

It applies only to relays in a new condition.

3

IS : 12083 ( Part 1 ) - 1986 2. TERMINOLOGY the purpose of this standard, in addition to those given in IS : 18115 ( Part 9 ) - 1986 *, the following definitions shall apply. 2.1 Contact Circuit ( see A in Fig. 1 ) - The whole of the electrically conductive parts of a relay which are intended to be connected to a given external circuit which is to be closed or opened by the relay. 2.0 For
NATE A change-over contact involves two contact circuits.

2.2 Contact Assembly ( see B in Fig. 1 ) - An assembly of contact members, with their insulation, which close or open their contact circuit by their relative movement. 2.3 Contact Member ( see C in Fig. 1 ) - A conductive part of a contact assembly which is electrically isolated from other such parts when the
contact circuit is open. 2.4 Contact Tip ( seeD in Fig. 1 ) - A conductive part of a contact member designated to co-act with another to close the contact circuit.

A,v*T
FIG.

1

ILLUSTRATION

OF

TERMS

2.5 Make Contact - A contact which is open when the relay is in its unenergized condition and which is closed when the relay is in an energized condition.

2.6 Break Contact - A contact which is closed when the relay is in its unenergized condition and which is open when the relay is in an energized condition. 2.7 Contact Gap - The gap between the contact conditions, when the contact circuit is open. tips, under specified

2.8 Contact Force - The force which two contact tips exert against each other in the closed position under specified conditions. 2.9 Limiting Continuous Current of a Contact Circdtt - The highest value of current (. rms, if ac ) which a previously closed contact circuit is capable of carrymg continuously under specified conditions.
`+Electrotechnical vocabulary : Part 9 Electrical relays ( rst revision ). tThe limiting values may be greater than the correspon c mg rated values.

4

IS : 12083 ( Part 1 ) - 1986 2.10 Limiting Short-Time Current of a Contact Circuit* - The highest value of current which a previously closed contact circuit is capable of carrying for a specified short period under specified conditions. 2.11 Limiting Making Capacity * - The highest value of current which a contact assembly is capable of making under specified conditions. 2.12 Limiting which a contact 2.13 Limiting Breaking Capacity* - The assembly is capable of breaking Cycling Capacity* Under highest value of current under specified conditions. consideration.

2.14 Bounce - Contact tips bounce when, after having touched each other for the first time, they separate transiently one or more times before definitively closing the contact circuit.
NOTE consideration. Bounce can also occur during the opening of cottacts. This is under

2.15 Bounce Time - For a contact which is closing its circuit, the time which elapses between the instant when the contact circuit is first closed and the instant when the circuit is finally closed. It applies at a specified value of the energizing quantity and for a specified load on the contacts.
NOTE - Bounce consideration. can also occur during the opening of contacts. This is under

3. STANDARD

RATED

VALUES

3.0 Standard rated values for contact circuits given below are selected from other Indian Standards on electrical relays Values indicated as preferred have been chosen so as to minimize test conditions and to provide reference values for comparison of data. 3.1 Rated, 3.1.1 Voltages 60, 110, 125 and 220 V, and 220, 415 n and 415 V (rms ). in this Preferred Values

a) dc : 12, 24, 48,

b) ac : 12, 24, 48, 1 lo,+ 3.1.2 Other voltages standard. 3.2 Rated Currents

are acceptable,

but have not been preferred

3.2.1 Roted Cmtinuous Currents, ac and dc - 1, 1.25, 1.6, 2, 2.5, 3.15, 4, 5, 6.3 and 8 or the decimal multiples or submultiples of these figures in amperes. Preferred
*The limiting

values ar.e 1, 2 and
vallws may be greater

5 amperes.
than the corresponding rated values.
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IS t 12083 ( Part 1 ) - 1986 3.2.2 For rated making,
listed. 3.3 Frequency of Operation - Preferred values ( cycles per hour ) are: 6, 30, 120, 600,l 200, 1 800, 3 690, 7 200, 12 000, 18 000, 36 000, 45 000, 72 000, 90 000, 108 000, 180 000, 360 000 and 720 000. 3.4 Duty Factor duty factor referring Unless otherwise stated to the energizing circuits by the manufacturer, shall be 50 percent. the breaking and cycling capacity, no values are

4. TEST CONDITIONS

4.1 General
a) At the commencement of each test, the relay, including contacts, shall be in an effectively new and clean condition in so far as the given test is concerned, unless otherwise stated by the manufacturer. b) The relay shall be mounted in the manner intended service in its case and with cover, if any, in position. for normal

c) Ambient temperature for make, break and cyclic tests shall be stated by the manufacturer and shall not be less than the reference value. d) Ambient temperature for continuous the nominal range of temperature. e) Relative humidity test : at the upper limit of

: 45 to 75 percent.

f) All other influencing quantities and factors shall be at their reference values as given in Indian Standard on individual type of electrical relays. g) The atmosphere minations. shall be sensibly free from dust and other conta-

h) When lubricants or other preparations are recommended by the manufacturer, they should be applied before commencing the test. j) During any given sequence cleaned nor touched. of tests, the contacts shall be neither

k) The rate of testing shall not exceed that stated by the manufacturer. It shall be such that there is no harmful cumulative heating of the contacts or harmful cumulative ionization within the relay case. m) When testing on the ac loads, actuation of the relay shall ensure that mechanical contact operation is random with respect to the point on the wave ( voltage for make duty, current for break duty ). 6

IS : 12083 ( Part 1 ) - 1986 All part sary the P) specified protective devices or quenching circuits which are of the relay design, or stated by the manufacturer as necesfor particular contact ratings, should be in position during tests. radio interthe contact

If the relay has a device or circuit for suppressing ference frequencies; this device shall be included in circuits during contact tests. life test, the test facilities shall be the degree of monitoring and control

q) During provide clauses.

so arranged as to required by the test

r)

The length and arrangements of all the test circuit leads can affect the contact performance of the contacts and shall be agreed upon between the manufacturer and the user. Short test leads may be necessary for resistive loads to minimize the effects of stray capacitance. The leads shall have such a cross-section that no significant heat is conducted from the test cables to the contact or vice-versa ( see also Appendix A ).

4.2 Test Circuit - The test circuit shall be in accordance with Fig. 3 in Appendix A, unless otherwise agreed. The test conditions and standard values, shall preferably be selected from those given in 3 and Table 1, but other values, for example, lower voltages for duty level categories I and II given in Appendix B, may also be used. 4.2.1 The declared value of the current shall be expressed in terms the steady-state ( rms, if ac ) value of current in the contact circuit. 4.3 Relay Energization The unless otherwise values are specified 4.3.1 All-or-Nothing Relays of

following conditions are applicable in the relevant relay standard.

a) Energizing quantities - For making, breaking and cycling capacity tests, the relay shall be energized with the rated values of input and auxiliary energizing quantities ( -& 2 percent ). The value of the energizing quantities for drop-out shall be stated `by the manufacturer. b) Polarities - Where polarities are not marked on the terminals of input circuit and/or contact circuits, the tests shall be made under the most severe conditions of polarity. 7

IS : 12083 ( Part 1 ) - 1986
TABLE I CHARACTERISTICS OF TEST CIRCUITS

( Clauses 4.2 and 5.1.1.1 ) TEST CIRCUIT DETAIL STANDARD VALUES POWER SOURCE h---y r--dc ac

7

DUTY LEVELS IN 1 APPENDIX B
-_

TOLER ANCE~

NOTES

(1)
Voltage

(2)

(3)

(4)
.

(5) f
. -

(6)
Voltage across the load including the closed contact

Preferred and other specified values

I and II

2 percent

III
-

f

5 percent

Frequency

Standard rated values
_-

f

2 percent

-____
L RX10-' or at least L 10-4 R is the load resistance in ohms L is the load inductance in henrys

Resistive load

L-O

I and IIA

.

-

IIB and III

L RXIO-6 or at least L 10-r

cos 1
I

fp=l -1 and IIA

Inductive load

;=o*oos

s

I
I

f IIB and III

15 percent

;=0*040s* cos #=0.4

l 0'1
On request only for special cases ( see also 4.1 )
-

Capacitive or nonlinear load

*Value other than 0'040 s may be acceptable, facturer and the user.

if agreed upon between

the manu-

8

IS : 12083 ( Part 1 ) - 1986 4.3.2

Meastrring Relays those applicable relays. for mechanical They are the same as endurance test Sor measuring

a) Input energizing and characteristic quantities -

b) Auxiliav

energizing quantities - For making, breaking and cycling capacity test, the relay shall be energized with the rated values ( f 2 percent ). For continuous duty of a make contact, the relay shall be energized at the upper limit of the operative range ( f 2 percent ). The ambient temperature shall be at the upper limit of the nominal range.

Where polarities are not marked on the terminal input circuit and/or contact circuits, the tests shall be made under the most severe conditions of polarity. 4.4 Criteria of Contact Failure - A contact under test shall be deemed to have failed when one or more of the following conditions occur: a) It is no longer capable of performing the duty claimed for it and relevant to the particular tests.
C) Polarities -

b)

It fails in any of the modes listed in 4.4.2. failure of any other part of the relay.

c) It causes consequential 4.4.1 Tyfie.s of Failure
a) Temporary b) Permanent 4.4.2

failure: a failure which is self-correcting. failure : not self-correcting.

Modes of Failure

relays : operative range reduced. Measuring relays ( regarding the characteristic quantity ) and b) specified time relays ( regarding the specified time ) : the error limits exceed twice the class index.
C) Operating, d) Failure

a> All-or-nothing

resetting, pick-up stated values with tolerances.

or drop-out

times are

outside

the

due to open circuits or contact prescribed limit.

resistance exceeding a

NOTE - Standard values of maximum contact resistance are under consideration and in the meanwhile the manufacturer shall state the maximum value of contact resistance used in determining contact failure and the test conditions ( for example, voltage and current ).

Welding or other e> Sustained arcing. f1

forms of adherence.

d

Dielectric Failure, if the contact circuit, in the open position, fails to withstand dielectric voltage tests at a level 0.75 times the test 9

IS : 12083 ( Part 1 ) - 1986 voltage between specified for a new relay ( to earth, open contacts ). or other circuits or

h) Insulation resistance failure when relevant resistance values fall to a value below 0.1 times the value specified for a new relay in the relevant standard.

3 k)

Overheating, if any associated higher than the appropriate IS : 1271-1985*.

insulation reaches class of insulation

temperature specified in

Signs of damage and/or permanent distortion or change in component parts of the contact circuits ( for example, ligaments ) or other parts of the relay caused by the contact tests. OF CONTACT PERFORMANCE

5. ASSESSMENT

5.1 General - The manufacturer shall state the rated performance of contacts in terms of current, voltage, number of operations, maximum frequency of operations, failure.rate, etc, under the declared test conditions. For contacts operating in circuits with level categories I and II in Appendix B, other data can be stated supplementary to the normal data, for example, lower limits of voltages and currents, number of operations and failure rate at values of voltages and currents as agreed upon between the manufacturer and the user. The requirements for make, break and cyclic duty concern each contact separately, and for continuous duty to not less than 50 percent ( or the nearest big-her value of the number if contact is not even ) of each typr: of all make contacts ( or 50 percent of all break contacts if this case is more severe ). If derating is necessary when more than one contact is loaded at the same time, and at their rated value, this shall be declared by the manufacturer.
NOTE L- For small relays with many contacts and enclosed by a cover, ing can be applied when necessary, in one or more of the following ways: a) As a lower frequency of operation ionization within the cover, b) As a lower continuous current capacity for cyclic duty to avoid derat-

cumulative and in different of the

to limit temperature-rise, contacts

c) As a lower rated voltage to avoid fIash-over between circuits loaded at the most severe polarity conditions. NOTE 2 - It may be necessary contact(s) within the relay. to take account of the

physical

position

5.1.1 hfukitq Cupaci/q - The contact shall priate current for : a) 200 ms for level category III, and .---. -.--_---*Thermal evaluation and classification of electrical

make and

carry the appro-

insulation

(jirst rctision).

ISr12989(Partl)-1996

b)

25 ms or a time equal to the duty factor ( see 3.4 ) divided by the frequency of operation, whichever is lower for level categories I or II.

5.1.1.1 The load shall be resistive for both dc and ac and the current shall not be interrupted by the contact itself but by independent means.
NOTE - Otherwise values may be agreed upon between the manufacturer and the user when using other test circuits than in Appendix A and in Table I. In addition to resistive load, inductive dc load may be considered when the bounce time is longer than the L/R value. In that case, the current shall be broken after 5 times the L/R value of the load.

5.1.2 Breaking Capacity - The circuit shall be closed independently and the contacts shall break the appropriate current with an inductive load, as given in Table 1, unless otherwise stated, for both dc and ac. 5.1.3 Cyclic Cafiacily - The contacts shall make and break the same current, unless otherwise stated, with inductive load for both dc and ac ( the conditions will usually be the same as for the determination of breaking capacity ).
current

NOTE-When

agreed upon between the manufacturer for make than for break may be specified.

and the user,

a higher

5.1.4 Continuous Capacity - The circuit shall be closed and opened by independent means, unless otherwise stated, and the contacts shall carry the appropriate current with a resistive load for both dc and ac. The test shall continue for sufficient time to ensure the thermal equilibrium of the contacts. 5.1.5 Short Time Catacity - The circuit shall be closed and opened by independent means and the contacts shall carry the appropriate current for 1 s, unless otherwise stated, with a resistive load for both dc and ac. 5.2 Evaluation - The rigorous method of assessing contact performance ( see 5.2.1 ) inevitably invloves a considerable amount of testing, but can yield data which accurately represent the performance limits of a given contact and the manufacturer shall, therefore, normally state characteristics according to this method. In some instances, the cost implicit in the rigorous assessment may not be justifiable; but where circumstances permit, it may be possible to use simpler methods by agreement between the manufacturer and the user. One example of such a simplified method is given in Appendix D. If a simplified method is used as a basis for performance claims, the manufacturer shall describe his method. 5.2.1 Rigorous Method of Assessment - The rigorous method of assessing contact performance refers essentially to the design evaluation testing of 11
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contact

life. Lot-by-lot assessment of contact performance for acceptance tests is under consideration. For the present, this may be covered by agreement between the manufacturer and the user. IS : 397 ( Part 2 )1985* may be used as a basis.

5.2.1.1 Basic assessment - An assessment in this form is required of all proving tests in accordance with 5.2.1. The significance of this assessment is described in Appendix C. a) Unless otherwise declared, 20 contact circuits shall be tested. The claimed number of operations shall be less than the number of operations giving the first failure. A claim corresponding to the number at first failure ( see 4.4 ) implies a reliability of approximately 89 percent ( that is, less than 11 percent of similar contact circuits would fail ). This claim would have an associated confidence level of 90 percent ( see Table 3 ). If only one failure occurs before the claimed number of operations, 20 further contacts may be tested. These contacts shall operate without failure up to at least the claimed number of operations. In this case, for a confidence level will be approximately 88 percent. of 90 percent, the reliability

b) Alternatively, the manufacturer may declare other reliability levels at other confidence levels, but at least 10 contact circuits shall be tested. The relationship between sample size, reliability and confidence level shall be in accordance with Appendix C. 5.2.1.2 Extended assessment ( 63 gra+hical methods ) - Further information can be deduced from these test data ( See Appendix C ). In order to make statistical inferences possible at a sufficiently high confidence level and to keep costs of testing as low as possible, the tests shall preferably continue until most of the contacts in the sample have failed or, if no failures occur, up to at least three times the claimed number of operation. 5.2.2 SimpliJied Method of Assessment see example in Appendix D. 6. PRESENTATION

OF PERFORMANCE

6.1 When detailed

data concerning contact'performance is required, it may be presented as a family of curves preferably using logarithmic scales ( see Fig. 2 ) or in suitable tables.
NOTE 1 - Care should be taken to ensure that a sufficient number of points are determined when plotting the curves. NOTE 2 - Additional data should b.e associated with the curves or tables ( for example, ac or dc, resistive or inductive load, frequency of operation, confidence level for a stated reliability ).

*Method for statistical quality control during production: attributes and count of defects ( second revision ).

Part 2 Control

charts for

12
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CJi,Ue & 273 = Test voltages ( see 3 )
_7V = Claimed number of contact operations Z = Contact current

FIG. 2

SET OF CURVES PLOTTED FROM DATA OF CONTACT PERFORMANCE

APPENDIX A [ Clauses 4.1(r), 4.2 and 5.1.1.1 ]
STANDARD TEST CIRCUIT FOR CONTACT
CONTACT CIRCUIT UNDER TEST r-------T

PERFORMANCE

CONTROL

SWITCH

AND

TESTS

TestSource:
,?$ = Impedance Rs = Resistance

Duty Level: I and II & < 0'02 5 (ac) Rs < 0.02 R (dc) FIG. 3
III 58 < 0'35 < RB < 0.05 R

TEST CIRCUIT FOR CONTACT PERFORMANCE

13

IS : 12083( Part 1 ) - 1986 A.l. LOAD RESISTORS

A-l.1 The non-linearity of the resistors due to temperature coefficient and other causes shall not exceed 2 percent. A-2. LOAD INDUCTORS A-2.1 The non-linearity in the magnetizing
curve B

M

shall not exceed 2

C-cores with percent, including maximum influence from the hysteresis. defined minimum air-gap and series resistance can be used to reduce the non-linearity.
NOTE- The non-linearity
q ( see Fig. 4 ) has to be

determined in the hyrAB to

teresis loop at the working point B by drawing the ideal line (a) and tangential to the switch

a parallel (6) at the distance off curve of the inductor.

FIQ. 4
A-3.

DETERMINATION OF $.f

IN HYSTERESIS LOOP

TEST

LEADS

AND SCHEME

A-3.1 If the test source is earthed at one pole, the contact under test shall be connected in the pole which gives the most severe conditions ( the longest arcing time ) [ (see also 4.3.1 (b) and 4.3.2 (c) 1. The length of the test circuit leads can affect the contact performance of the contacts and shall be as agreed upon between the manufacturer and the user.
NOTE - The influence of the circuit breaking ( with respect to frequency consideration. capacitance on transient phenomena after and transient recovery voltage) is under

14
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APPENDIX

B

[ Clauses 4.2, 5.1 and Table 1 ]
DUTY LEVEL LEVEL VOLY~AGE V CURRENT A (3)

FOR dc AND ac
I

-_
(1) I

APPLICATXON FIELD OR TYPE 08 RELAYS (4) -

'YPICALVOLTAQE, AND CURRENTS (5)

(2)
<O'OZ

-

< 0'1

_-

Low level special light internal make duty and break in electronic equipment a) Telecommunications field Data processing

See Note 1

6 to 60 V; <0'2A

IL

0'02 to 250

<l

relays b) Measuring Domestic equipment Control equipment Signalling systems a) All-or - n o t h i n g relays. for example general purpose relays, trip relays b) Industrial traction, Heavy duty

24 to 250V; <

1P

III

0'02 600

to

24 to 600 V; 0.1 to 100 A

< 100

24 to 600 V; 1 tol00A

NOTE 1 - The zone below 0'02 V and within 0'1 to 100 A is not covered i,n the table since application fields have not been defined. NOTE 2 - A contact may be designed for one or more duty levels or may cover only a part of the range of one duty level.

APPENDIX

C

[ Clauses 5.2.1.1and 5.2.1.2]
ASSESSMENT C-1. INTRODUCTION C-1.L Claims of contact performance are, in general, based on results of tests of similar contact assemblies. Such tests are necessarily made of a 15 OF TEST RESULTS
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limited number on contact assemblies, and from the results an inference must be made of the performance of a potentially large number of assemblies ( which, since the tests are destructive, cannot be fully proved ). The ultimate result of the initial tests will be a declaration of performance in the following general terms: `The stated performance ( or better ) will be achieved, in x percent of all cases; this means a reliability of x percent. This statement is made with a confidence level of y percent.' C-1.2 However, other valuable inferences can often be drawn from the test data. When a manufacturer wishes to make the maximum possible claims of performance, the evidence upon which those claims are to be based will obviously need to be more complete than when a lower claim is made. Rigorous method of assessment ( 5.2.1 ), therefore, envisages two complementary approaches to assessing the performance referred to below as basic assessment and extended assessment. C-2.

BASIC ASSESSMENT

adopted in this recommendation is based on first failure in the test sequence occurring beyond the claimed number of operations and does not assume any particular distribution of failures. In statistical terms, it is a distribution-free method based on first order statistics. C-2.1.1 Table 2 gives the estimated maximum percentage /J of the population which would fail under identical circumstances of test and design and at a given confidence level. TABLE2 SAMPLE SlZE ;I) 10 20 VALUESOFP

C-2.1 The basic assessment

MAXIMUMVALUEOF~(INPERCENT)FOR ACONFIDENCELEVEL(~)OF ~---_--_-____h___--__~---~ 50 percent (2) 6.7 3'4 70 percent (3) 11'3 5'8 80 percent (4) 14'9 7'7 90 percent (5) 20'6 10'9

C-2.2

Example - It can be said with a confidence level y of 90 percent that the population of which the sample of 20 contacts is representative, will contain not more than 10.9 percent failures at the number of operations below that at which the failure in the sample occurs. 16
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The data in Table formula: 2 may (1 be extended ,& )" by the use of the following

y = 1 C-3.

EXTENDED

ASSESSilENT

( B-Y GRAPHICAL

METHODS

)

C-3.1 Since the pattern

of failure distribution may not be known in advance of the tests, a generalized system of analysis shall be used which can take account of different patterns and identify them when possible.

C-3.1.1 In the preferred approach, the failures are arranged in an ascending order of number of operations at failure, and from this each can be plotted in terms of its `rank'. It is preferable to plot in terms of the `median ranks' as shown in Table 3. TABLE 3 MEDIAN RANKS ( m. r. ) AT THE TABULATED C-3.1.1 and C-3.2.6 (a) SAMPLE r-----------IO 15 20 (4) 3'4 8'3 13.1 18.1 23.0 27.9 32'1 37.7 42'6 47.5 52'5 57.4 62'3 67.2 72'1 77'0 81 9 86.9 il.7 96.6 SAMPLE SIZES [ Clauscs5.2.1.1, CUMULATIVE NUMBER OB

]

FAILURES c:, 1 2 3 4 5. 6 7
a 9 10 11 12 13 14 15 16 17 18 19 20

SIZE,* h__--__-_-_-__~ 30 40 (5) 2.3 5'5 8'8 12'1 15.4 18'7 22'0 25.3 28'6 31.9 35'2 38'5 41.8 45.1 48'4 5 1'6 54'9 58.2 G1.5 64.8 (6) 1.7 4.2 6.6 9'1 11'6 14'1 16.5 19.0 21'5 24.0 26'4 28.9 31.4 33'9 36.4 38 8 41'3 43.8 46'3 48.8

50

(2)
6.7 16'2 25'9 35'5 45'2 54.8 64'5 74' 1 83'8 93'3

(3) 4'5 10'9 17.4 23.9 30.5 37'0 43'5 50.0 56.5 63'0 69.5 76.1 82.6 89.1 95.5

(71
1.4 3.3 5'3 7.3 9.3 11'3 13.3 15'2 17.2 19'2 21.2 23'2 25'2 27.2 29'1 31'1 33'1 35.1 37'1 39'1 ( Confinusd )
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TABLE

3

MEDIAN

RANKS SAMPLE

( m. r. ) AT THE TABULATED SIZES - Contd SAMPLE SIZE, n 20 (4) 30 (5) 68.1 71.4 74'7 78.0 81.3 84'6 87'9 91.2 94.5 97.7

CUMULATIVE NUMBER OF FAILURES

~~-_---_-_-_---_-_-h--~ io 15 (2) (3)

--_A--_7 40 (6) 51.2 53.7 56.2 58.7 61'2 63.6 66'1 68.6 71.1 73'6 76.0 78.5 81.0 83.5 85.9 88.4 90 `9 93.4 95.8 98.3

50 (7) 41.1 43'0 45.0 47'0 49'0 51.0 53.0 55'0 57'0 58.9 60'9 62'9 64.9 66'9 68.9 71.0 72'0 74.8 76.8 78'8 80.8 82'8 84'8 86'8 88'7 90.7 92'7 94.7 96.7 98.6

-

(

21 22

1;

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 NOTE The median rank can be approximated m. r. = s4(i= cumulative

by the formula:

number of failures )

18

fS : 12083( Part i ) .1986 C-3.2 When these data are plotted on appropriate graph paper, the resultant curve can be used for analytical purposes. One of the most powerful analytical approaches is the use of the Weibull distribution which, by correctly chasing the parameters, can match a wide range of possible curves. C-3.2.1 The Weibull distribution exp [is given by : (*)P],fl> a

F (.A() = 1 where

JV = number of operations at contact failure, IV,, = scale parameter: the characteristic number of operations ( at 63.2 percent, failures ); a = location parameter : the number of operations up to which no failures can occur; generally a = 0; and @ = shape parameters distribution. C-3.2.2 The corresponding function ) is given by: : @ indicates slope of the Weibull

Weibull failure rate function ( or hazard ( when cc = 0 )

From this, it can be seen that the failure rate decreases when p < 1 ( early failures ), remains constant when fi = 1 ( random failures ) and increases when @ > 1 (wear out ). So, the slope 8 of the Weibull distribution plot enables one to distinguish between: a) early failures, b) random failures, and c) wear out failures. C-3.2.3 Fig. 5 shows a Weibull probability chart. Weibull probability paper is derived from the Weibull distribution function in the following way: 1 -F(N) =exp[-(-zF)`]

In In
So a linear relationship

,

-&v) =@lnJV--

@lnN,
and In M

1 exists between In In 1 _ F(N)

C-3.2.4 To obtain a straight line as a Weibull plot, the Weibull distribution paper has a double logarithmic scale on the vertical axis and a single logarithmic scale on the horizontal axis. 19

fS : i2083

( part

i ) - 1986 1 values of In N, on linear scales. 1 values of In En 1

C-3.2.5 On the right are the corresponding and on the top, the corresponding If Jv= Jv,, it follows that:

F(N)

In In l-FTvJand the corresponding value of: F(N)=1 -+-

= 0

= 0,632

Therefore the zero on the vertical linear scale of p corrresponds with 63.2 percent failures, as shown by the dotted line. In this way, the characteristic number of operation JV, can be estimated. The point ( 1 : 0 ) on the linear scale: 1

ln"w=inJv,~

from which it follows that every straight line through ( l;O ) intersects the vertical axis ( at which In Jv = 0 ) at a distance B from the origin ( 0; 0 ) 1 In In -I-FT8i The value of l3 can = ~inJ\r-B-a(withln3L'=O) vertical scale.

be read from the right-hand

The mean P and the standard deviation u of the failure distribution can be estimated by using the nomograms shown to the extreme right and above function the probability paper. This is possible because -$-c and -$-0

are fol100,

of @ only.

C-3.2.6 Exam&le In a life test, contacts lowing table ( sample size n = 20 contacts ). i : 3 4 5 6 7 8 9 10 11 .M ( x 10s operations 2.7 3.4 4.4 5.2 5.3 55:; 6.5 7.5 8.7 9.7 )

failed according Median

to the x

rank percent 3.4 8.3 13.1 18.1 23.0 27.9 32.8 37.7 42.6 47.5 52.3

No failures up to 9.7 X 10G operations 20 20

As in the Original Standard, this Page is Intentionally Left Blank
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The following procedure is adopted

:
size n is

a) Find median rank (m.r. ) from Table 3 or, if the sample not given there, calculate m. r. from : m.r. = i 0.3 are given in the third column

n + 0.4
of the

The values for the example above table.

b) Plot the median ranks at the corresponding number on the Weibull probability chart ( Fig. 5 ). c) Fit, when possible, a straight line to the plots.

of operations

NOTE- If a single straight line cannot be drawn, it is probable that more than nne failure mechanism exists.

4

Estimate the characteristic drawn line with the `63.2 N, = 9.3

life (NJ at the percent' line: X IO6 operations ( 1; 0 ). The

intersection

of

the

4

Draw a parallel line through zero vertical axis gives: shape parameters: @= 2.6 The failure mechanism

intersection

with the

is wear out, since p> 1. read:

f > From

the nomogram,

689 from which: mean ( p ) = 0.89 x 9.3 ( u ) = =

and $-= c

O-365

x 10s = 0.365 3.2 x

9.2 x 9.3

x x

106 operations, 106

standard

deviation

10s operations.

23
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APPENDIX

D

( Clauses 5.2 and 5.2.2 )
A SIMPLIFIED METHOD FOR ASSESSMENT RATINGS OF CONTACT

D-l D-l.1

GENERAL
of a simplified below. method of assessment referred to

An example in 5.2.2 is described

D-l.2 This method is approximately valid for contacts of some general purpose relays of conventional design, but is not valid for every type of contact. This Gmplified method gives lower rated values than the rigorous method, but minimizes testing. The formulae are approximately valid up to the given limit of 105 operations. D-2. SIMPLIFIED METHOD OF ASSESSMENT

D-2.1 The rated limiting making capacity ZLnr and the rated limiting breaking or cyclic capacity Zr,B are based on ten operations without failure for each of the contact circuits. D-2.2 The rated contact current for the given making capacity ZM related to 104 operations shall be Z, = 0.5 IL nr and for breaking or cyclic capacity ZB related to 104 operation shall be In = 0.7 ZLn.

D-2.3 The performance
tions Jv than specified following formulae :
Jv,=104x

at lower currents and a higher number in D-2.2 may bc estimated in accordance 1.5
)

of operawith the 104 in

( (

+ +

for making capacity to 106 operations

in the range

jvs = where Jv, = x e=

104 x

B >

1*5

for breaking and cyclic capacity the range 104 to 105 operations. at current II for making capacity,

number

of operations

number of operations at current Is for making and cyclic capacity ( I, < Z, and Is < ZB and normally ZB < ZaI )
can be used beyond the limit of IO5 operations range 1'5 to 3 or both as agreed between the

NOTE The above formulae or using another exponent in the manufacturer and the user.
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